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Abstract
The reliability and accuracy of a risk assessment of extreme hydro-meteorological events are highly dependent on the quality of
the historical rainfall time series data. However, missing data in a time series such as this could result in lower quality data.
Therefore, this paper proposes a multiple-imputation algorithm for treating missing data without requiring information from
adjoining monitoring stations. The proposed imputation algorithms are based on the M-component probabilistic principal
component analysis model and an expectation maximisation algorithm (MPPCA-EM). In order to evaluate the effectiveness of
the MPPCA-EM imputation algorithm, six distinct historical daily rainfall time series data were recorded from six monitoring
stations. These stations were located at the coastal and inland regions of the East-Coast Economic Region (ECER)Malaysia. The
results of analysis show that, when it comes to treating missing historical daily rainfall time series data recorded from coastal
monitoring stations, the 2-component probabilistic principal component analysis model and expectation-maximisation algorithm
(2PPCA-EM) were found to be superior to the single- and multiple-imputation algorithms proposed in previous studies. On the
contrary, the single-imputation algorithms as proposed in previous studies were superior to the MPPCA-EM imputation algo-
rithms when treating missing historical daily rainfall time series data recorded from inland monitoring stations.
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1 Introduction
In the past decade, climate change has altered the sta-
tionary patterns of historical rainfall time series data,
creating a non-stationary component in the time series
(Agilan and Umamahesh 2016). In particular, climate
phenomena such as the monsoon (Tangang et al.
2012), El Nino-Southern Oscillation (Tangang et al.
2012; Villafuerte and Matsumoto 2015), Indian Ocean
Dipole (Cai et al. 2014; Tangang et al. 2012) and
Madden-Julian Oscillation (Tangang et al. 2012) have
altered the stationary patterns in historical rainfall time
series data. Therefore, an appropriate risk assessment
model for extreme hydro-meteorological events, which
takes into account the non-stationary component, is
much needed. Moreover, the reliability and accuracy of
risk assessment of extreme hydro-meteorological events
are also highly dependent on the quality of the histori-
cal time series data. However, the quality of the time
series data consistently diminishes due to the presence
of missing data. As a consequence, the risk assessment
analysis is rendered unreliable and inaccurate.
Technically, missingness in a dataset can be
categorised as missing completely at random (MCAR),
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